We describetechniquesforcontrolling contamination inthe samplingand analysis ofhuman serum fortracemetals. The relatively simple procedures do not require clean-roomconditions.The atomic absorption and atomic emission methods used have been applied in studying zinc, copper, chromium, manganese, molybdenum, selenium, and aluminum concentrations.Values obtained for a group of 16 normal subjects agree with the most reliable values reported in the literature, obtainedby much more elaboratetechniques. Allof these metalscan be measured in3 to4 mL ofserum.The methods may prove especially useful inmonitoring concentrations of essential trace elements in blood of patients being maintained on total parentera) nutrition.
slot burner head. The nebulizer flow rate was adjusted to approximately 1 mLl2O s. An average of three 2-s integrations was used forcalculations. Table 3 lists graphite-furnace atomic absorption temperatore programs for the elements. The optical pyrometer was calibrated on each day of use, whenever the atomization temperature was changed, or when a new graphite tube was installed. Ultracarbon pyrolytically coated graphite tubes (Perkin-Elmer no. B0091-504) were used for all of the furnace assays except Al, for which we used non-pyrotubes (no. 0290-1633). Duplicate injections were averaged for calculations.
In the case of Mo, we injected a reagent blank twice after the high-standard-addition sample. The first removed carryover in the tube; the second provided a fresh baseline blank for the next sample.Alternate air injection was not used because of the severe furnace conditions, so the tube had to be removedperiodically and carbon buildup removed.
Even without alternate air, the tubes lasted for only about 40 injections with the Mo temperature program.
Reagents. Dc-ionized distilled water (DDW) was used for all reagent and standard preparations.
Reagent-grade nitric acid and disodium EDTA were used for cleaning solutions except where otherwise specified. Acids used for standard and sample preparation were Ultrex#{174} grade (J. T. Baker Chemical Co., Phillipsburg, NJ 08865).
Stock During cleaning and use, the labware was never allowed to come into contact with any metal or paper surface.
Labware was cleaned by soaking it in the detergent solution. After rinsing with distilled water, it was soakedfor at least 2 h in a 100 mL/L nitric acid (reagent grade) bath and then thoroughly rinsed with DDW. The labware was 
Contamination evaluation.
We evaluated products from various vendors by soaking the articles in 5-mL aliquots of 1 mLIL nitric acid solution overnight and poolingthe resulting solutions. Generally, five articles of each type were tested. In the caseof syringes, the nitric acid solutionwas drawn up into the device, allowed to stand overnight, and alsopooled. This method was used to generate a trace-metal profflefor each item. Table 4 lists examplesof items tested.
Blood sampling and storage. Blood was drawn and dispensedslowly. Large-bore (20-gauge) needles were used,to minimize hemolysis. For the same reason, the needle was removedbefore dispensingthe whole blood into the Falcon tube during sampling.
The subjects in the study population (eight men and eight women) were all laboratory personnel. Blood was drawn in the morning, and fasting was not required. The subjects were divided into two groups of eight persons each (Table 5) . Analyses were completed on Group I before Group II was sampled.Eight personswere resanipled two months later ( ,ugfL, and 4 j.tg/L solutions. The samples were mixed by using the micropipettor. A reagent blank was prepared by substituting DDW for serum. External standards were prepared in a similar fashion to check the sensitivity of the instrument. Tables 5 and 6 give data for the sevenelementsobtained from our study population. ICP methodswere used for the Cu and Zn determinationsin Although contaminationisa major source of error, loss of the analyte to adsorption must also be considered. In this study, all blood was drawn on a Monday morning and the resulting sera were stored at 4#{176}C when not being tested. However, some work has shown short-term changes in measured Cu and Zn concentrations after sampling (9). Therefore, the sera were tested for these two elements on the same day that the blood was drawn. Testing for the other elements was generally completed within one week. Consistency in the Group I, Group H, and resampled data (Tables 5 and 6) indicates that there were no significant losses of these elements during this short time.
Results
Data for National Bureau of Standards Reference Material no. 8419 Bovine Serum are presented in Table 7 along with reference intervals reported by Veillon (10). Data for NBS SRM 909 Human Serum is presented in Table 8 , along with the NBS-certifled values for Cr and Cu.
Replicate assays of some sera were done to assess the precision and detection limits of the techniques. 1% absorption (0.0044 absorbance) . The detection limit was calculated as (3 x standard deviation of the blank)/slope. The coefficient of variation is the standard deviation of the replicates divided by the mean. The mean values are included to show the relation between sample concentration and variation. The analytical-recovery data were obtained from supplemented samples, the supplementing analytes being added in concentrations similar to those of the serum samples. Analytical recoveries are not listed for Se or Mo because external calibration standards were not used in the techniques for these elements.
Discussion
Contamination studies. Dilute nitric acid was used as a compromise in performing the evaluations because use of serum would not have been practical. While a 1 mLIL nitric acid solutionis not harsh, it may be a more powerful extraction solution than serum for metal leachables. However, the nitric acid evaluations were good for comparison purposes and quickly eliminated some vendors and materials.Cotton and iodine swabs, for example, were quite contaminated, whereas some alcohol swabs were much less so. Disposable plastic syringes from different vendors showed a surprising variation in metal contamination. We also investigated the use of venous catheters, but contamination from these devices was not sufficiently low to commend their use.
The problems associated with Vacutainer Tubes, glass tubes, and anticoagulants suggested that clean, dry, plastic tubes be used for sample collection and storage. All tubes tested just as received showed some contamination. When cleaned with acid and EDTA as described earlier, the Falcon tubes were consistently low in contamination.
The disadvantage of using these tubes for collecting serum is that bloodwill not clot well in the plastic. Thus, the serum must be rimmed after centrifugation, with some form of thin applicator device, and then recentrifuged. This step is a possible source of extraneous additions and hemolysis. Wooden applicator sticks caused severe Mn contamination. Plastic applicator sticks would have served the rimming purpose but we did not find them readily available. Use of the plastic end of cotton-tipped applicators proved adequate for the rimming technique.
High-purity quartz test tubes were also investigated for blood sampling. Whole blood clots well in the quartz, and in many cases samples did not require rimming. However, even after rigorous cleaning with nitric acid and EDTA, Al concentrations definitely exceeded those found in duplicate samples taken in Falcon tubes. Cr and Mo seemed slightly increased. Thus, from a trace-element standpoint, the quartz tubes did not commend themselves. Their fragility also makes them impractical: being expensive, they cannot be treated as disposables and would have to be cleaned and re-used. The Falcon tubes, on the other hand, are disposable, almost unbreakable, and allow consistent assay results despite the need for rimming the samples. Use of siliconized needleswas considered necessary, given the reports (7,8) of contamination with Cr and Mn when stainless-steel needles are used. There was no increase in Cr content of either EDTA or 1 mLfL nitric acid solutions when these were drawn through siliconized Becton Dickinson Yale needles. ICP analysis of methylisobutylketone extracts of these needles showed an average of 150 tg of silicone per needle. Apparently the silicone is a sufficient barrier to prevent the stainless-steel components from contaminating the samples, although further study of the extent and effectiveness of silicone coating in preventing contamination iswarranted.
Concentrations of analytes in serum. The consistency of the data presented in Tables 5 and 6 indicates a lack of contaminationand a good degree of control in the methods. reported. Our population means for Cr (0.19, 0.14 ig/L) are in substantial agreement. However, the sample collection, pretreatment, and analysis techniques used to obtain the data on Cr in Tables 5 and 6 required only a few hours.
The reference values reported by Versieck do not represent commonly reported values. In an earlier review (12) , tables of the elements were presented showing wide discrepancies between studies for concentrations in plasma or serum. More recently, detailed critiques of Cr (13) and Al (14) studies have been presented. Values for Al found in this study-approximately 1 1zg/L-verify the consensus regarding the low concentration of this element in serum of healthy subjects, as discussed by Cornelis and Schutyser (14) and Stoeppler (15) .
The agreement between values obtained for normal individualsin this study and reference values is significant, because the sampling and analysis techniques used are at odds with conventional techniques for ultratrace-metal analyses. Contamination control has often been cited as the most important factor in obtaining reliable results (16-18) . The emphasis on class-100 air, for instance, is based on observed contamination problems (19,20) . However, a more economical approachistoapplycontrols at specific points in a given procedure. Starting with a clean container and opening it for as short a time as possible will have the same (or better) effect as cleaning the air in an entire room. Thus, attention to and care in technique can achieve the same results as high technology.
Methods. The statistics in Table 9 indicates that the techniques adopted for analysis of serum for the seven metals of interest generate reliable data. They are not intended to serve as validation data for adoption of the techniques as clinical assays. In general, low detection limits and high precision of replicates were sufficient to expect reasonable quantification for the analytes of interest. Analytical recoveries showed that no severe loss was occurring during analysis of the serum samples.
Problems associated with contamination were avoided by using contamination-free sampling and storage devices, minimizing sample-preparation techniques, and simplifying the measurement procedures. Owing to the small sample size and possible contaminationproblems,we did not consider separatedigestions and extractions. All work was done by direct additions of matrix modifiers and of supplementing solutions into autosampler cups (or Falcon tubes, for Zn and Cu). This direct method kept reagent blank values low and minimized sample manipulation. The programming capability and Zeeman background correction of the PerkinElmer 5000 AA spectrophotometer greatly facilitated development of these procedures.
The temperature programs developed for each element were governed by maximum allowable charring temperatures and adequatedrying times for a given sample volume.
Triton X-100 was added in the Cr and Mn assays to avoid foaming and spattering of the serum in the drying step.
Mg(NO3)2 was added to the serum in the Al assay to stabilize the Al and allow higher charring temperatures as recommended in previous work (21) .
Initially, we determined Zn and Cu by ICP because it is fast and relativelyfree from problems of chemical interference. However, Zn is generally assayed in serum by a flame AA technique and Cu by furnace AA, sometimes after analyte extraction into an organic solvent (22) . Therefore, we developed atomic absorption methods for these two elements so that all seven metals could be measured in a single instrument.
In the past, reported values for Se have generally been obtained by neutron activation analysis or fluorimetry (22) . Several researchers have reported analysis of serum for Sc by electrothermal (graphite furnace) AA, using an internalstandard additions technique with Ni(N03)2 as a matrix modifier (23) (24) (25) . Results obtained by using Ni(N03)2 appear to be accurate and precise. Use ofNi to stabilize Se in the furnace was the method of choice in this study, owing to its direct nature and relative freedom from sources of contamination.
Values for Mo in whole blood or serum are often obtained by neutron activation analysis (12). The high atomization temperature required for Mo and signal suppression caused by matrix interferencesmake graphite-furnace AA analysis an undesirable method. In cases where AA analysis has been used, some digestion technique was generally performed before the instrument reading was made (26, 27) .
Values for serum of <5 pg/L have rarely been reported by the AA technique.
Our investigations of Mo in serum included an effort to finda matrix modifierthat would make the element more volatile. Addition of NaF to the serum was found to increase the sensitivity of the Mo signal, when the peak-area mode was used, over that for aqueous standards with NsF added.
Use of an internal-standards technique thus enables quantification for Mo by graphite-furnace AA at sub-microgram per liter concentrations. We calculated the detection limit of the technique to be 0.3 pg/L. We circumvented the problem of carryover by firing blank solutions between samples.
All of the AA results reported in this study were obtained with the Perkin-Elmer Zeeman 5000 AA instrument. Stateof-the-art instruments of other manufacturers may be able to duplicate these results. Use of the detailed furnace programs and matrix modifiers decreased the background signal to 0.2 A or less (higher for Cr, perhaps owing to the larger sample size), which should be within the reach of most correction systems. Instrument requirements for successful duplication of the results reported here include detailed temperature-programming capabifities, rapid furnace heating, atomization temperature control (i.e., via optical pyrometer), an efficient background-correction system, an autosampler, and preferably a cathode ray tube on which the atomization profile can be displayed. These options are readily available for many of the newer commercial AA systems.
We conclude that the sampling, storage, and analysis techniques described here are equally effective in controllingcontaminationat milligram per liter (Zn, Cu) and submicrogram per liter concentrations (Cr, Mn). The procedures outlined in this paper require a commitment on the part of the testing laboratory for successful trace-metal determinations. However, the extraordinary precautions needed for techniques such as neutron activation analysis are not required. Complicated digestions and extractions are avoided. The atomic absorptionsystem used for the determinations is more generally available and economical than the neutron-activation or mass-spectrometry equipment used to obtain similar data. The AA methods may providean option for monitoring patients, whereas the more elaborate instruments cannot reasonably be applied for such purposes.
